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RATIONAL ADVISORY OOMMITTEE FOR AERONAUTICS

WEMORANDUM EEPORT

THE EFFECT OF XYLIDIEES Of THE STABILITY OF
' AN AIEGRA]‘I*—MG-IEE I:U:BR'[GATIHG OIL

T

By Walter T. Oleon and Ema.nunl Meyrowitz

SUMMARY

Tosts were mede to dotermine the effeoct of xylidines on
the atability of an ailrcrefi~ensine lubricating oil. The
Indinna oxidation tost and moasurerents of the oxyron eb-—
sorption rate of tho oil semples wore porformed on Bavy 1120°
oll, Navy 1120 oil plus 0.5 percent by weilght of xylidincs,
end Nevy 1120 oll used in piston~ring-stickirg tests both
without and with xylidinos. Laborestory inspections per—
formed on usod oils from the beginning and end of severnal
plston-ring-sticking tests without and with xylidires added
to tho fuol ard the oil are cormpered.

T™o rato of 1ncrease of l:incmtic viscoslity with time
in the Indiana oxidntion test at 175° C wos decrensed by
the addition of xylidines to new oil., The same is true for
used oll with xylidines as compared with used oll
without xylidinos. Tho initial rntes of oxidntion at 175° O,
ag measured in a closed flask, wero loas for both now and
usod olls contelining xylidinos than for oils contalnirz no
xylidines. The addition of 0.5 porcont by woisht of xyli-
dinos to Havy 1120 oil decroasod the rato of oxidntion of
this o0il =t 1'[5° C a8 measured in on automatic oil-oridatlon
apparntus. Comperison of laboratory inspections of cils
usod without and with xylidinos indiceted thet th. ylidines
pey have had a slirht stabllity—-promoting effect. All the
olls dlspleyed good stabillty charecteristice in bulk under
tho conditiors of the engino tosts. Tho stabllity of Nevy
1120 o1l toward oxidative dotorioration, as determinod by
governl laboratory tests, was increased by the a.d.d.ition of
smcll amounts of xylidinos.

INTRODUCTION

At the request of the. Avmy Alr Forces, an investign-
tion is boing conducted to determine the sultsbility of
xylidinos as sn antiknocl:z component in rviation gascline.
Sinco 1t is inevitcble that tho aircraft—on.gi-m lu'brica.nt



wlll bocone contominated wilth fuel, eithor from blow-by or
through oll dilutlon with fucl during cold-weathor opor-~tion,
toste were performod to determline the effoet of xylidiros on
tho stabllity of engine lubriec~ting oil.

Excossive dotorloration of lubricetinz oil in an enslne
will not only result in dostructlon and loss of the lubric-nt,
fornetion of sludgo thet nay clog oll lines, =~nd formrntlon of
corrosive acids, but may also rosult in doposition of locquor,
rins sticking, ~nd valvo sticking. Orn the other hand, acidic
oxidation products rosulting from less extonsivo deteriorntion
nay be of ronl veluo in irmroving the load—chrryln;; charnctor—
istics of a hydrocarborn oil. Becauso the principel ceuso for
lubricating—~oll doterloratior. iz monorally undorstood to be a
procogs of oxldntlon, tho stabllity was oxaminod in ternms of
oxidetion tosts.

Spceifically, tho Indlone oxidation tost and moasurorionts
of tho oxyrnon cbsorption rate of tho oll samples werc perfor:aod
on both now ard usod oil without and with xylidinos. A%t tho
bozirainy and ond of tho plston-ring-sticking rune, laboratory
inspecctions wero nnrde of oil snrmplos romovod from tho oil sys—
tom of & singlo tost eylindor of a l2~cylindor liquid~coolod
onglne.

The tests were performed at the Aircraft Engine Research
Laboratory, National Advisory Committee for Aeronautics, Cleve-
land, Ohio, during June and July 1943.

APPARATUS AWD PROCEDURE

Indiana oxidation test. -~ The Indiana oxidatlion test
arperatus zreference 15 was used to determine the effect of
xylidines on lubricating—oil stability. ZEassentially, the
test consisted of blowlng alr at 10 liters vner hour through
300 milliliters of the test oil maintained at 175° C. San-
ples of avproximately 15 milliliters were removed every 2L
hours for kinematic-viscoslty determination. In addition,
Conradson carbon determinations were performed on the origi-
nal and final samples from the test.

Davig oxidation test. ~ The inltial oxidation rates of
the 01l samplea were cetermined by the oxygen-sbscrntion
method described in reference 2. Briefly, the méthod con—~
slated of welghlng exectly 10 grams of sample into the botitom
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of a Bligh oxidation flask, displacing the air in the flask
wlth oxygen, affixing a mercury manometer of about 300~-milli- -
meter range .to the flask, and immersing the assembly to mbout
the midpolnt of the neck of the flask in a constant tempera-
ture bath maintained at 175° C. The thermal expansion of the
gas cemsed a pressure lncrease; the oxldation of the oil
caused a pubsequent pressure decrease. The pressure was read
and recnrded at approximetely 1C- to 15-mimute intervale. The
. Grop in-pressure Irom the maximum was recorded as a meagure

of oxygen consumed &t each time interval.

tic 01l oxidat atus. - The oxygen ebsorp—
tlon of the samples was alsn determined in a circulatory sys—-
tem similar to that described by B. W. Dornte (reference 3) .
Yot equipped with an automatic recording burette (reference 4).
Figure 1 1llustratos the apvaratus used. Oxygzen was circu-
lated through the oll sample by an all-glasa pump (reforence
5). Absorption tubes contalning anhydrous calcium sulfate
and sodlum hydroxide removod water and carbon dioxide formed
during the oridation reaction.

As oxygen rencted with the oil sample, the pressure in
the circulating systom decroased. This decrease in pressure
caused tho control manometer, acting through an electrornic
relay, to pormit the leveling-bottle drive to raise the
leveling bottle until the preassuro wes roastored in the sye-
tem, The position of the levoling bottle was continuously
racordod on a drum which rotated at = conestant snoed. By
aporopriste callbration and correction for temperaturo and
prossure, the levoling-~bottle poslition was convorted to milli-
liters of dry oxy;en-abaorbed at standard teuperr*ure and
prossure (0° €, 7¢0 mm Hg). Thus, & record of rea.2 of reac-
tlon with.-oxygen under controlled conditions was obtained.

Teat Conditions

0il sample, grams L TR BT L)
Bath temperature, 0 .« « « =« « = « o « s a s = = = o 175
Partial pressure of Op, mmHg . o ¢ ¢ « o o . s 720 to 730
Rate of gas circulation, ml/min . . « ¢« ¢« « « « « « » 190
Catalyst 8dded . « ¢ = o = « 2 ¢« = s « s s = s+ « « o« DONG

orat cetlion. = Used oils from the beglnring

and end qof the piston-ring-sticking test runs were inspected
for neubralization number, Conradson carbon, and lkinemetic
viscosity.



Test Specimens

Favy 1120 lubricating oil ard Navy 1120 oil containing
0.5 percent commerclal mixed xylidines were tested as new
olle. The used oll samples were taken from a singie cylinder
from an engine mounted on a CUE crankcase overated in a pro-
gram to determine the effect on pistoa~ring sticking of xyl-
idines added to the fuel and oil.

HISTULTS AWD DISCUS..IOS

Indisna oxldation teost. - Figuro 2 vrosents the kinomatic
viascoalt; of the test samplos as a function of the time in the
bath. Trblec I prosonts the mean values of the Coxradson cer-
bon determinationa for srmplos at the boginning and at the
ond (170 hr) of the Indiana tost. The magnitude of the incraaso
in kinomatic viscoslty and Conradson carbon may be assumcd to
indicato the anmproximate extent oF oil oxidatisn.

A comparlson of the deta for tho Iavy 1120 o1l with the
data for the Favy 1120 oil plus 0.5 porcent xylidinos shows
that the addition of the xylidines incroased the stability
of the Navy 1120 oil under the conditions of the test. A
gimilar comparison botweon tho date for the used Havy 1120
olil and the used ¥avy 1120 01l with xrlidines shows the seme
effact.

TABLE I

COFRADSOF CARBOYN RESIDUES OF IRDIAFJA TEST SAMFISS

Start of [End of | Incroasc
teat toot

Tavy 1120 oil 0.54 2.31 1.77
hovy 1120 oil plus H-vercent

xylidines .53 1.84 .53
Usod Havy 1120 oil (series 11) .29 3.00 2.71
Used Favy 1120 oil (series 12) 1.05 3.22 2.17
Uasod Novy 1120 oll with ~ylidinaos

(sories 13) i 1.26 2.73 1.31

Davis oxidetion togt. -~ In figuras 3 tho drop in vrosgsure
from the muximum is plotted against time elapéed for the sam-

plos. Since tho extont of oxldation occurring cCuring tho



entlrc test is small, tho curves .reprosent the initial rato
of o::ldation for tho samplcs of unused oil., Only cbout 150
milliliters (at 0° C and 76Q me Hg) of oxygon par 10Q grams
of souplo are consuned by the o1l during tho entiro tost.
Each curvo 1s a mean of at loast threoo determlnations. A
comparison of the data for tho now olls with.oach othor and a
cormparienn of the data for tho usod oils with oach other show
that the zylldines 'inhibitod the rate of oxidation of tho oils.
A comparison of tho data for tho now oils with tho data for
thoe ueod olls ghows that the lubricating oils undorwont loss
of stability when usod in tho englne, vossibly through be—
ginning oxidation end recoptlon of pro-oxidation catalytic
matorials from tho englrne.

Automntic oll-oxidation sovaratus. -« Tho offoct of 0.5
percont by welght of xylldines on the rate of oxidation of
Nevy 1120 oil is shown in fizuro 4. Tho extont of nxidetion
for the entirc test was rbout 10 timos as groat as in th
prcvicusly doscribod Davis -tont. Boceuso tho usod olls -rore
alroady rortly dntoriorcted, thoy wero not submittcd to thin
aore sovore tost. Tho oxidation-rote curves (fig. 4) show
that tho xylidinos inhibitod tho oxidation of the Hevy 1120
oll.

Laboratory ingvoction. ~ Table II prosonts average valuos
for luboratcry inspocticn rerforiied on uscd oils from tho bo-
gloning and ond of sevornl plston-ring-sticking tosta. The
irercnoos in the valuos of the vorious inspoction dote with

onginc ranaing time aro prosontcd togothor with the durstion
of tho ring-sticking tosts. Mean vrluon and thoir probablo
orrore woro cnlculatod for tho tosts with no xylidines and
for tho xylidino tosta.

If the noutralizntion number and tho Conradson carbon
are talon as criteris, tho xylidines appoar to have excrted a
slight stebllity—-promoting effect, nlthough the observed of-
fect is emoll and may morely reflect tho shorter ongine runzing
timos. Tho orratic viscositios probably result from no attommt
having been mrde to rernove possible éiluonts bofore measuring
the viscosity. All tho oll samples indicatcd good stebility
charactoristics in bulk under tho conditiono of tho ongino toats.

Aireraft Engine Resocarch Laboratory, -
Yatlorel Advisory Cormittos for Aoronautics.
Cloveland, Ohio, August 3, 1943.
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LABORATORY INSPECTION JF LUBRICAT SAMPLES FRCH PISTON-RING-STICKING TZSTS

TABLE II

Series | Time Conradson carbon, Teutrallzstion number, Einematic viscosity at 210° ©
percent by welght img EJH ner grem of oil sample (centistoxes)
(br){(min) ! Beginuing| Ent |Increase |Beginning | End E Izcrease | Begimning | End } Increase
| : L
i Ho rylidinone
| T
12 |l 15 0.50 1.12 0.62 C.G6 |- 23.85
16 26 2 .55 0.98 A3 .08 0.17 0.09 * 23.86 23.80 -0.06
18 18| 23 .52 .8Y .32 .08 .12 .04 24.07 23.76 | -3
19 15 |=—mmme .52 .90 .33 .C8 .09 .01 24,05 23.80 -.25
25 26 9 .59 .85 .26 10 a1 .01 22.75 23.82 1,07
26 25| U5 o 1.00 .51 .C9 .09 .00 23.85 23.99 AL
Mean | 23 | 56 0.43%0.12} ! 0.0540.03 0.1240.35
! l H H -
3-percent xylidines in fuel, 0.5-perceat xylidines in oil
13 28 | 13 0.54 1.26 0.72 5 6.06 -I 23.65 24.33 0.68
1 21 | 2 .52 1.13 .61 .06 0.12 0.06 23.83 | 23.65 -.18
15 19 | 46 .61 0.86 .25 .08 .09 .01 23.50 23.48 -.02
17 . 24 1 1k .35 1.00 U5 .07 .CT .00 23.62 23.98 .36
20 1 | 57 . 0.61 .13 .07 .08 .01 2%.95 2h, 25 .30
2 1 2 .59 .03 11 .09 .10 .Ci 23.85 23.82 -.06
Kean | 20 | 24 0.401C.14 0.0240.01 0.1840.07 !
| i
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Kinematic viscosity at 210° F, centistokes

- ]
Navy|1120] o1l ]
F -r——F-q-- Navy! 1120|011 4 0.5|- pergent kylidines ]
F - - Used| Navy| 1120/ o1l [series 1ljand }12) .
M Hred vyt H20t ot Pt Ky ttd nes—{-xm-rrrnr 7
z =
40f ]
- / ]
- ) ]
C s ]
36[ —
E prd | d p
-~ : -
N -~ A p ” 4
32[ < e = —
g - - _A4-
N / _ — " - r :
- 1 -
- // - - —"14/ 1
28 g - — = — - - ,
- 1 1 _J4—F ] Nytionql Adiisor:r Compitted
X —— B Por Apronagtics ]
1 ]
L :
240 Ll lluzolll lll4olj_Ll ||||60111| 11_118011 100 120 140 160
Time, hr
Flgure 2, - Kinematic-viscosity increase in Indiana oxidation test. Temperature,

1759 C; air flow, 10 liters per hour; 300-milliliter sample;
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in Davis oxidation test. Temperature, 175° C; 10-gram
sample.



Volume of oxygen absorbed per 100 grams of oll, ce
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Flgure 4. - Effect of xylidines on rate of oxidation of Navy 1120 oll in automatic
oll-oxidation test. Temperature, 175° C; circulation of oxygen, 190 milliliters
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